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In the microgrid systems, three-phase inverter becomes the main power 
electronic interface for renewable distributed energy resources (DERs), 
especially for the islanded microgrids in which the power quality is easily 
affected by unbalanced and nonlinear loads, this is due to the fact that the 
voltage and frequency of the microgrid are not supported by the main power 
grid but determined only by the inverters. Therefore, the compensation of the 
load unbalances and harmonics in autonomous microgrid inverters are 
getting more attention in power quality research areas. The main purpose of 
this paper is to represent an overview of the control strategies of various 
inverters for unbalanced load compensation. 
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1. INTRODUCTION 

Today, Renewable Energy Sources (RESs) such as photovoltaic solar systems, wind turbines, fuel 
cells, hydropower turbines, etc become a part of future power generation systems [ 1]—[4] which are used in 
microgrids as Distributed Energy Resources (DERs) and their applications are promising approaches to cope 
with the environmental and technical problems. Many researches are presented for developing microgrids to 
enhance energy efficiency, improve power quality, reduce transmission losses, and decrease consumer 
prices [5]-[7]. 

Microgrids can be classified into two main classifications: grid-connected microgrids and stand¬ 
alone microgrids [8]. The grid-connected microgrid can operate either a grid-connected mode or an islanding 
mode [9]. The efficient operation is the key control issue in the grid-connected mode when the main power 
grid suffers from abnormal conditions the microgrid is converted to the islanding mode and the voltage and 
frequency control become the main issue in this mode. On the other hand, the standalone microgrid is always 
operating in the islanding mode without connecting with the main power system because it is usually 
installed in the remote areas such as mountainous areas or island without the power grid [10]. 

The DERs include prime movers and conversion interfaces. The output of the prime movers is DC 
form (such as PVs, fuel cells, batteries, etc.) or AC form (such as wind generators, microturbine generators) 
but usually converted to DC format first. The inverters are used as the interfaces between the prime movers 
and the local AC bus of the microgrid. The main function of the inverters is the power transfer and control. 

The power quality in autonomous microgrids can be affected under unbalanced and nonlinear loads, 
this is due to the fact that the voltage and frequency are not supported by the utility [11]. Unbalanced and 
harmonic-distorted voltage can cause severe problems on equipment such as vibration, over-voltage, overheat 
and so on. The problems of low power quality in microgrids can be mitigated by using active power filters 
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(APFs) which compensate the load unbalances and harmonics by compensating the negative-sequence and 
harmonic voltage and currents through coupling transformers [12]. However, it is uneconomic to install extra 
APFs for each of the DER in microgrid. On the other hand, the inverter for each DER can be used to 
compensate the load-distortion by means of a proper control [13], [14]. 

This paper shows an overview of the configurations and the control strategies of three-phase 
inverters as a par of DERs for load unbalance compensations. The paper is organized as follows. Section 2 
gives a comparative review of various inverter topologies used under system unbalancing condition which is 
followed by a description of available control strategies from the unbalanced load compensation point of 
view in section 3. Comparative analysis of control structures and some suggestions for the future researches 
are put forward in Section 4. Some conclusions are given in Section 5. 


2. INVERTER TOPOLOGIES 

In this paper, two commonly used two-level inverter topologies are discussed basing on the number 
of providing wires. 

2.1. Three-phase three-wire inverter topology 

However, the voltage unbalances and harmonics compensation ability can be achieved by proper 
control of the 3 leg VSI. This topology is less interesting for the low-voltage distribution networks in which 
[15] a neutral connection is used to allow the circulation of zero sequence current components. Alternatively 
one can use the three-leg inverter with a D-Y transformer [16] or zigzag transformer [17] which is heavy and 
costly and thus not desired in many applications. 

The zero sequence current component would be filtered in the zigzag transformer or circulating in 
the D winding of D-Y transformer and the control circuit of the inverter would only have to compensate the 
unbalances from negative sequence currents. 

2.2. Three-phase four-wire inverter topology 
2.2.1. Capacitor midpoint topology 

Capacitor midpoint topology, shown in Error! Reference source not found., is the simplest 
topology with the least number of switches. The neutral is connected to the midpoint of the split de-link 
capacitors. Another advantage is that this topology acts as three single-phase half-bridge inverters, thus each 
leg of the inverter of can be controlled independently [18]. The main disadvantage of this topology is in the 
expensive and large capacitor which is required to achieve equal voltage sharing between the split capacitors 
[19]. Another weakness with this configuration is that under severe unbalanced and nonlinear conditions, a 
large neutral current flow through the neutral path and causes a perturbation in the control scheme. 



2.2.2. Three H-bridge inverter 

This type of power converter consists of three single-phase H-bridges to interface with the 
individual output phases, which are coupled to the loads with an isolation transformer as shown in Error! 
Reference source not found.. This topology has been proposed for four-wire active power filtering [20], 
[21]. Compared to the other topologies, this topology has advantages like lower de-link voltage requirement 
for a given output voltage, which is half as compared to a capacitor midpoint inverter. Although the higher 
number of devices is required in this power converter, the output voltage obtained is equivalent to the three- 
level inverter resulting in better harmonic profile and reduced requirement for passive filters. Higher 
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reliability can be achieved since each phase is independent and during a fault in any one phase, the other two 
phases can still source power to the grid [22]. 



2.2.3. Four-leg 0202 

In this topology, the neutral line is connecting to the midpoint of the additional fourth leg, as shown 
in Figure 3. The main advantage of this configuration is that it does not need to utilize large and expensive 
capacitors and provide lower ripple voltage in the DC-link capacitor [23]. Moreover, the modulation index is 
about %15 higher in comparison with the split DC-link [18]. However, The extra two switches are resulting 
in higher cost more complicated control [24]. The major disadvantage of this topology is the need for 
isolation transformer(s), which may not be desired in many applications. 
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Figure 3. Four-leg inverter topology 


2.2.4. Four leg impedance source inverters (ZSI) 

One of the main limitations of the VSIs is that the DC input voltage must be greater than the peak 
value of the line-to-line output voltage. So a dc-dc boost converter is needed for all DC prime movers, such 
as grid-connected photovoltaic (PV) generation and fuel cell power conversion, in which a low-voltage dc 
source has to be boosted to a desirable ac output voltage [25]. Moreover, Dead time is required to prevent the 
shoot-through of the switching devices of each inverter leg, this results in distortion in output 
voltage waveform [26]. 

These limitations can be solved by the Z-source inverters (ZSIs) [27] in which the dc-dc input stage 
is replaced with a special LC Z-network as shown in Figure 4. The ZSI can provide output AC voltage 
greater than the available dc link voltage [28]. The Z-network can boost the dc voltage by means of the 
shoot-through zero state of the inverter switching cycle in which short-circuit across the dc link is created by 
closing two switches in one leg simultaneously. In this case, energy is transferred to the Z-network from the 
capacitors to the inductors, causing a boosting in the dc voltage. 
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The ZSI has some significant drawbacks; namely that in the boost mode makes the input current 
discontinuous and that large capacitors are needed to sustain a high voltage. The quasi-Z-source inverter 
(qZSIs) is considered as a solution for this drawbacks [29]. 



Figure 4. (a) Z-source four-leg inverter topology, (b) The qZS four-leg inverter topology 


2.2.5. Four leg matrix converter (MC) 

In case of variable speed generation systems, such as variable speed diesel-driven or wind turbine 
Permanent Magnet Synchronous Generator (PMSG), the generator is connected to a bridge rectifier or a 3-leg 
VSI as first converting stage and the second converting stage is performed by a 4-leg voltage source inverter 
(VSI) at the output [30], [31]. The 4-leg VSI is utilized for providing a neutral connection to the load. These 
two VSIs are presented as 7-leg back-to-back topology which can be replaced by a 4-leg matrix converter 
(MC), as shown in Figure 5 [32]. This topology provides bi-directional power flow and controllable 
sinusoidal input/output currents [33]. The absence of the DC Fink capacitor is considered as the main 
advantage of MC making the MC more robust and reliable and saving the space of MC [34], resulting in a 
better overall efficiency. But the main disadvantage of MC is that the maximum output voltage is limited to 
about 87 % of the available input AC voltage. Moreover, it is particularly sensitive to the disturbances of the 
input voltage [33]. 


Input Filter 



Figure 5. A 4-leg matrix converter 


A comparison between the four wire inverter topologies is presented in Table 1. It is generally 
concluded that each topology has its own advantages and disadvantages, and there is no topology can be used 
for all applications. 
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Table 1. Comparison of three-phase four-wire inverter topologies 


Capacitor midpoint Four-leg VSI s Four leg ZSI Four leg MC 


Power conversion 

DC-AC 

DC-AC 

DC-AC 

DC-AC 

AC-AC 

Isolation transformer 

no 

no 


no 

no 

No. of switched 

6 

8 

12 

8 

12 bidirectional 

Input capacitor size 

Very high 

medium 

low 

high 

No need 

output voltage as a 
percentage of input 
voltage 

<50% of input DC 
Voltage 

<60% of input 
DC voltage 

< 100% the input 
DC voltage 

Can be grater or 
less than input 

DC Voltage 

< 87 % of input AC 
voltage 

Design complexity 

low 

high 

medium 

high 

high 

Size/wight 

medium 

low 

high 

medium 

low 


Second stage 

Second stage 

Second stage 

Single stage 

Single stage 
converter for 
Variable speed diesel 
and wind DER 

Application in DER 

converter for all 

converter for all 

converter for all 

converter for PV 


types of DER 

types of DER 

types of DER 

and fuel cell DER 


3. CONTROL STRATEGIES UNDER UNBALANCE LOAD CONDITION 

The available control strategies of three-phase two-level inverters for compensating load unbalance 
in microgrids are illustrated in the following subsections. 

3.1. Symmetrical component based control strategy 

Symmetrical sequence decomposition (SSD) is used mainly in power electric fault analysis [35]. 
The SSD is able to represent the unbalanced three-phase signal (voltage/current) as a sum of positive, 
negative and zero sequences. The positive and negative components are three-phase symmetrical signals, 
whereas the zero sequence is a single-phase one. In terms of controller design, the conventional control 
strategy uses voltage and current dqO-component in a reference frame rotating at the fundamental frequency 
(go). If the load is balanced, the d- and q-components are dc quantities and the 0-component is absent. Under 
unbalanced conditions, the negative sequence appears as a disturbance in d and q component at a frequency 
of 2co. This is because the dqO reference frame is rotating in the positive direction at an angular frequency of 
co, whereas the negative sequence disturbance rotates at an angular frequency of go in the opposite direction. 
In this case, the zero sequence appears at a frequency of co in the 0-component, because the zero-axis 
is stationary. 

In [36], a control strategy based on symmetrical sequence decomposition is proposed to control 
four-leg inverter. The proposed control method independently regulates the three sequences components of 
load voltages and currents. Each component is controlled in own dq reference fram as dc signal [37]. Firstly, 
the symmetrical components of the unbalanced voltages and currents are derived in three channels for each 
component which is then transferred into the dq reference frame so that the control variables can be adjusted 
independently in three different sequence components as shown in Figure 6. The first channel controls the 
positive sequence of voltages and currents in a positive dq ref. frame, which rotates counterclockwise, while 
the second channel regulates the negative sequence of voltages and currents in a negative reference frame, 
which rotates clockwise at the same angular frequency. The third channel also compensates the zero 
sequence voltages and currents in a negative reference frame, this can be done after applying spatially 
displaced at 120 deg. for the zero sequence sequence [38]. Finally, the conventional PI regulators are applied 
to regulate the voltage and current loops. 

The idea of the SSD has been developed using the combination of synchronous and stationary frame 
control strategy for a four-leg matrix converter in [32]. The suggested scheme is partly similar to the 
proposed control in a grid-interfacing power quality compensator using three-phase four-leg VSI in [40] and 
three leg VSI in [41]. In the proposed control strategy, the positive and negative components of the load 
voltage are regulated without the need of calculation the symmetrical component decomposition. Two 
synchronous reference frames are used, one is rotating clockwise and the other is rotating counterclockwise 
in order to control the positive and negative sequence respectively. Two notch filters are used to filter the 
negative sequence voltages from the positive sequence synchronous rotating frame and the positive sequence 
voltages from the negative sequence frame as shown in Figure 7. The zero component of the load voltage is 
regulated by a separate resonant controller (RC) in the stationary frame; while two PI compensators are used 
for positive and negative sequence voltage regulation. 

In [39], four-leg VSI is employed as load unbalance compensator (FUC). The control compensates 
the unbalancing currents of the standalone microgrid by injecting the unbalance current required for the 
loads. Each phase current of the microgrid i mg a , i mg _> and i mg _ c is transformed into a rotating d-q-0 coordinate 
i mg d, img q , and i mg o- In this case, the fundamental positive sequence current has DC value while the 
unbalance current components, positive and negative current sequences, have ac values and are considered as 
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harmonics in dq reference frame which are extracted by using low pass filter (LPF) as shown in Figure 8. In 
the proposed control system, three PI controllers are used to regulate d-q-0 current components. 


unoaianced Load 
a 



V** 

Sequence 


v« 


Vo. 

S abc/dq 





Figure 6. Control strategy based on symmetrical 
components in [36] 


Figure 7. The proposed control strategy for 4-leg 
MC in [32] 



*inv a 
Ifovb 




Vrf 

Vbf 


Figure 8. The proposed unbalance compensator in [39] (a) control algorithm, (b) Current controller 


Power quality improvement through three-leg VSI based battery inverters in microgrids is proposed 
in [42]. The proposed control strategy develops an Unbalanced Current (UC) and Harmonic Current (HC) 
compensation using battery inverters based on the structure of Proportional-Resonance (PR) controller in 
stationary reference frame [43]. For microgrids, the batteries can be used not only for peak shaping but also 
for power quality improvement. The transfer function of a PR controller is shown in Figure 9, where K p is the 
proportional gain and Kih is the resonance gain for each harmonic order. The control structure is also shown 
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in Figure 9, where only first order and second order controller are drawn. The reference currents of the 
proposed control (i a _ re f and ip re f) are the negative sequence and harmonic currents of the microgrid in ap 
reference frame. A signal conditioning unit is used to extract theses currents of the microgrid main current as 
shown in Figure 9. 



(a) 


If 


A 




t 






(b) 


Figure 9. The proposed control strategy in [42] (a) PR controller structure, (b) signal conditioning unit 


In [14], PI and multi-Resonant controller are combined in a single synchronous reference frame 
(SRF) and used for both the voltage unbalance and harmonic compensation. The fundamental positive 
sequence (FPS) voltage is converted to ‘DC’ under the fundamental positive SRF. The fundamental negative- 
sequence voltage is 2f 0 (fo is the fundamental frequency) ‘AC’ component under the same SRF. The typical 
voltage harmonics such as the 5th, 7th, 11th and so on are still ‘AC’ components under the fundamental 
positive SRF. The detailed transformed results of each component from ‘abc’ coordination to the 
fundamental positive SRF are given in Table 2, where ‘ + ’ and 6 - ’ means positive-sequence and negative- 
sequence, respectively. The PI controller is responsible to regulate the FPS which is in ‘DC’ component. On 
the other hand, the resonant controllers are used to achieve the zero-error tracking on the 2fo, 6fo and 12fo 
‘AC’ components. 


Tab le 2. Converted results from ‘abc’ coordination to the fundamental positive SRF 



1st 

1st 

5th 

7th 

11th 

13 th 

17th 

In abc coordination 

+ 

- 

- 

+ 

- 

+ 

- 

In positive fO SRF 

0 

2f 0 

6f0 

6fo 

12f 0 

12f 0 

18fo 


3.2. Per phase-based control strategy 

The per-phase control strategy can be only applied on the three phase four wire inverters which 
provide a neutral connection. Hence, each phase voltage and current can be controlled independently. In [44], 
a resonant-filter bank in combination with a Proportional (P) controller is utilized to regulate each phase 
voltage of an autonomous three-phase four-leg inverter [45], as shown in Figure 10. A novel minimum loss 
discontinuous PWM method based on the Carrier-based 3-D Space Vector PWM is used. A capacitor current 
feedback loop is added to the control scheme to provide active damping. Furthermore, a voltage feed-forward 
loop is added to the filter for accurately tracking. This control strategy is also used in [46] without the 
harmonic frequency resonant filter controllers. 3D space vector PWM in abc coordination is used as 
PWM technique. 
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Feedforward Signal 


VSI 



Figure 10. Block diagram of the control system presented by [44] 


The work in [31] presents a repetitive control technique of a four-leg matrix converter to mitigate 
the total harmonic distortion (THD) in the load voltages in case of nonlinear and unbalanced loads. In the 
proposed control strategy, the repetitive controller is added to the conventional controller C(z), which can be 
the PR controller, as shown in Figure 11 where the repetitive controller (RC(z)) is used for load harmonic 
compensation, whereas the conventional controller (C(z)) is used to provide the balanced load voltage for the 
unbalanced load. Plant phases a, b, and c represent different single phase loads connected to the inverter. 

In [48], the hysteresis voltage regulator is employed to control the output voltages of 4-leg VSI. This 
strategy uses measures the differences between the feedback voltage and the reference value; afterward, this 
difference is sent to the hysteresis compensator as depicted in Figure 12. Based on this difference and the 
width of the hysteresis loop the state of switches can be changed. This method is easier to implement than 
conventional controllers with carrier-based modulation approaches. Nevertheless, it is characterized by the 
limitation of a non-constant switching frequency, irregular switching and slow dynamic response [49]. 



Figure 11. (a)The repetitive control system (b)Three 
phase control system including the repetitive 
control topology 


Figure 12. Voltage hysteresis control scheme for 
the three-phase four-leg inverter 
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Authors in [47] suggest an improved per-phase control approach for a four-leg autonomous VSI to 
regulate output voltage under high unbalanced load conditions [47]. This controller is implemented in three 
different channels in the dq frame. The structure of the suggested control scheme for the a-phase is presented 
in Figure. 13. In each phase, the control system consists of voltage and current loops and additional feed¬ 
forward paths which are employed to decouple the d and q channels from each other. The dq components of 
each output phase voltage can be determined by applying the Park transformation, after creating the pseudo- 
two-phase system. The PI controllers are employed in the voltage and current loops. 



3.3. Alternative control strategies 

The following approaches are based on neither symmetrical components control strategy nor the 
per-phase control strategy. Hence, these approaches are using other strategies to compensate the system 
unbalance conditions. 

The Model Predictive Control (MPC) is recently considered as one of the most effective ways to 
control power electronics converters due to its fast response and high control accuracy. The basic idea of this 
approach is to minimize the predicted error, by evaluating the objective function so that the reference 
voltages or currents can be tracked accurately under load distortion conditions. A number of studies have 
been presented under the name of MPC for current control of 4-leg VSI [50], [51], 4-leg ZSI [28], 4-leg qZSI 
[52], and for voltage control of 4-leg VSI [53]. 

The work in [54], uses Finite Control Set Model Predictive Control (FCS-MPC) for an autonomous 
four-leg VSI to maintain balanced output voltages for unbalanced loads with low harmonic distortion for the 
nonlinear load. Furthermore, The control algorithm is developed to reduce the number of the mathematical 
operations required for the control system without affecting the control performance. As a result, the size and 
cost of the microprocessors used for control system implementation are decreased. In this strategy, the two 
zero vector states are considered as one combined zero vector state and the control algorithm selects between 
them randomly. Therefore, the control algorithm will require the calculation of 15 states instead of 16 for 
each sampling period. Moreover, the reference voltage is assumed to be constant through the sampling 
period. This assumption will eliminate the calculation time required for reference voltage extrapolation. The 
block diagram of the suggested control scheme is presented in Figure 14. To handle the desired control 
objectives, the cost function is composed of three cost functions as follows: 

g = \y*-v 0 (k+l )J (1) 

where v* is the reference output voltage vector and v 0 (k + 1) is the predicted output voltage vector. I(k) and 
io(k) are the output inverter current and load current vectors, respectively. The predictive model is used to 
predict v 0 * for instant (&+1) from the measured values of the load current io(k) and output inverter current i at 
an instant (k). The objective function selects the best switching state according to the error between the 
reference voltage and the predicted voltage. 
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Figure 14. The proposed FCS-MPC scheme for qZS four-leg inverter in [54] 


In [55], a novel control strategy is developed for a stand-alone split dc bus VSI. In this control 
technique, an inner discrete-time sliding mode-controlled (DSMC) current loop with an outer robust 
servomechanism controlled (RSC) voltage loop is combined as shown in Figure 15. This method is used to 
achieve voltage regulation with low steady-state error and low total harmonic distortion and fast transient 
response under various load disturbances and unbalances. The control algorithms are developed under 
stationary apO reference frame and a modified space vector pulse width modulation (MSVPWM) is proposed 
to implement the algorithm under apO reference frame. After converting the quantities from reference frame 
into apO reference frame, applying symmetry of the three dimensions, and conducting per unit 
transformation, the system model can be reduced into a single-phase per-unit equivalent circuit, and then a 
state space representation model of the plant is developed. MSVPWM is a modified space vector pulse width 
modulation inverter, v re f is the reference load voltage, w* is the desired inverter current command, i cm d is 
the true inverter current command, v pwm * is the PWM voltage command, v pwm and is the true modulated 
inverter output voltage. A current limiter is added between the two loops for over-current protection. 


-^Q-* RSC 

Y 


load 


l cmd 


Current 

Limiter 


l cmd 

—► 


DSMC 


/wm 


MSVPWM 


pwm 


load 


Plant 


Figure 15. The proposed control system block diagram in [55] 


4. COMPARATIVE ANALYSIS OF CONTROL STRUCTURES 

The control strategies of three-phase inverters can be classified into several categories based on 
different consideration as shown in Table 3.From the view of modulation, the modulation schemes can be 
broadly classified as the following: carrier less (hysteresis control and model predictive control) and carrier- 
based (sinusoidal pulse width modulation (SPWM), Discontinuous PWM (DPWM) [44]) and 3-D space 
vector modulation (3D-SVM) [24]. However, the carrier-less modulation method provides a fast dynamic 
response, they cause a variable switching frequency operation. In contrast, the carrier-based methods impose 
a constant switching frequency operation. The 3D-SVM offers good dc bus utilization as well as a lower 
THD in comparing with the SPWM; these advantages make this method more interesting. However, this 
method is complex in real-time implementation. The discontinuous PWM (DPWM) is introduced an 
alternative approach instead of 3D-SVM as it make use of the merits of both PWM and SVM methods. 
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Ref. 


[36]—[38] 
[32] 

[40] 

[41] 

[39] 

[56] 

[42] 
[14] 

[44], [45] 
[46] 

[57] 
[31] 
[48] 

[58] 

[47], [59], 
[60] 

[50], [51], 
[53], [54], 
[61]—[63] 
[28] 

[29] 

[55] 


Table 3. Comparison of different control strategies in autonomous model 


Control Reference Control 

strategy frame technique 


Modulation 


Ancillary service 


SSD based 
SSD based 

SSD based 

SSD based 

SSD based 
SSD based 

SSD based 

SSD based 

Per phase 
based 
Per phase 
based 
Per phase 
based 
Per phase 
based 
Per phase 
based 
Per phase 
based 
Per phase 
based 


dqo frame 

PI 

dqo frame 

PI and RC 

a|30 & dq 
frame 

P & PI & PR 

a[3 & dq 
frame 

P & PI & PR 

dqO frame 

PI 

dq frame 

PI 

a(3 frame 

PR 

dq frame 

PI with RC 

abc frame 

PR 

abc frame 

PR 

abc frame 

RC 

abc frame 

Repetitive 

abc frame 

Hysteresis 

abc frame 

PI 

dqoframe 

PI 


3D SVPWM 
3D SVPWM 

SPWM 

SPWM 

Carrier based PWM 
SPWM 

Not mentioned 
Not mentioned 
MLDPWM 
3D SVPWM 
3D SVPWM 

3D SVPWM 

carrier less 
modulation 

SPWM 

SPWM 


unbalance compensation 
unbalance compensation 
unbalance and harmonic 
compensation 
unbalance and harmonic 
compensation 
unbalance compensation 
unbalance compensation 
unbalance and harmonic 
compensation 
unbalance and harmonic 
compensation 
unbalance and harmonic 
compensation 
unbalance and harmonic 
compensation 
unbalance and harmonic 
compensation 
unbalance and harmonic 
compensation 
unbalance and harmonic 
compensation 

unbalance compensation 
unbalance compensation 


Alternative abc frame 


MPC 


Carrier less PWM 


unbalance and harmonic 
compensation 


Alternative abc frame 

Alternative abc frame 

Alternative abc frame 


MPC 

MPC 

DSMC& 

RSC 


Carrier less PWM 
Carrier less PWM 

modified SVPWM 


unbalance compensation 
unbalance and harmonic 
compensation 
unbalance and harmonic 
compensation 


Inverter 
topology 
4 leg VSI 
4 leg MC 

4 leg VSI 

3 leg VSI 

4 leg VSI 
3 leg VSI 

3 leg VSI 

3 leg VSI 

4 leg VSI 
4 leg VSI 
4 leg MC 
4 leg MC 
4 leg VSI 

3 leg VSI 

4 leg VSI 

4 leg VSI 

4 leg ZSI 
4 leg qZSI 

3 leg VSI with 
split DC link 


From the view of the control techniques, the PI controller in the synchronous frame is widely used 
and works well with pure DC signals relatively easy to implement. However, the PI controller suffers from 
some drawbacks including the presence of steady-state errors for non-dc signals, which limits the 
performance of the technique especially in the case of non-linear and unbalanced load applications. 
Moreover, the PI controller needs to decouple phase dependency in three phase systems. The PR controller is 
considered as an alternative method instead of the PI controller in the stationary and ABC reference frame as 
it has great ability to eliminate the steady-state error harmonic disturbances while regulating sinusoidal 
signals. Hence, it is greatly sensitive to system frequency variations. 

Hoo has been applied to improve inverter robust stability under uncertainty and load disturbance. 
However, the control performance under nonlinear load is not satisfactory. Hoo repetitive controller [64] can 
solve the problem but increase the complexity in the meantime. There is a growing interesting in using 
sliding mode control technique in inverter control due to its robustness and fast response. However, its 
dependence on knowledge of the control plant limits its application [55]. Predictive control gives an 
asymptotic tracking of controlled variables toward the corresponding references in the presence of 
disturbances, while it has some drawbacks such as its dependence on the system model and a lot of 
calculations are required. Repetitive control is used as a harmonic compensator as it eliminates periodical 
disturbance. However, its problem is addressed in its inherent slow response and lacking of the stability. 


5. CONCLUSION AND FUTURE RESEARCH SUGGESTIONS 

This paper has discussed the control of the three-phase inverters to compensate the load unbalances 
and harmonics. Two-level Inverter topologies for microgrids applications were presented in this paper. 
Furthermore, different control strategies for three-phase inverters under load unbalance condition were 
discussed, and their major characteristics were pointed out. Finally, detailed analysis, comparison, and 
discussion on these existing control strategies are investigated. This paper can be considered as a good 
reference for engineers and researchers working in the research area of control systems of autonomous 
voltage source inverters. 


Int J Pow Elec & Dri Syst, Vol. 10, No. 1, March 2019 : 242 - 255 





Int J Pow Elec & Dri Syst 


ISSN: 2088-8694 


□ 253 


From the view of the previous publication's analysis, most of the control strategies are proposed for 
single-bus stand-alone microgrids, therefore further research is recommended that the area of the power¬ 
sharing of unbalanced load needs more investigation in standalone microgrids. Furthermore, none of the used 
control techniques can be elected as a perfect solution to compensate all the power quality requirements, thus 
considerably more work is needed to be done to exploit new control strategies. To achieve better 
performance, it is necessary to use some innovative approaches such as artificial intelligence and robust 
control. 
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